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Z was the last introduced of the letters of the Roman alphabet. * * *

It crept into English during the fifteenth century from the French, and in

use is now pretty nearly restricted to foreign loan-words * * * qediUa

means little zed: zedirjlia is the diminutive for zeticula." p. 13S.

The Microscopic Examination of Timber with regard to U> Strength. A.

Contribution from the Eli K. Price Botanical Laboratory of the University

of JPenneyhania. By Frank M. Day.

{Read before the American Philosophical Society, December 2), 188$,)

The valuable paper of Dr. J. T. Rothrock upon "Some Microscopic

Distinctions between Good and Bad Timber of the Same Species," re-

cently read before the American Philosophical Society, has opened a broad

field for original investigation. The question there suggested as to the

possibility of approximately determining the Strength of timber by micro-

scopic, examination (involving as it does the question of the " differences

in the strength of wood due to the molecular differences in the structure

of the fibre ") is one that can be answered only after the most extended

and carefully conducted investigation.

As long as we confine ourselves to the examination of various specimens

of the same species the task of distinguishing the good pieces from the

bad, and of roughly predicting the relative strains which they will resist,

is comparatively easy.*

Plate I showing transverse sections of two pieces of Rock Elm (Ulmus

racemosa Thomas), furnishes illustrations of the general differences be-

tween good and bad wood of the same species. The upper figure is a sec-

tion of the wood used by a well known (inn in their highest grade of

hubs
; the lower is a, section of wood which they declare to he practically

worthless. It is evident from a glance at these drawings that the good differs

from the bad, in 1st, The much smaller area occupied by ducts ; 2d, The

smaller bore and consequently thicker walls of the woody fibres ; 8d, The

more compact arrange lenl of the woody fibres, giving them a polygonal

rather than a circular outline; 4th, The much greater annual growth.

These are the elements which it is but, reasonable to suppose would give

strength to the wood. They are further those which are found to do so

in the great majority of cases.

The strength of the cellulose of which the wood is composed, is, in va-

rious species and under various conditions, by no means (be same. For

example, Buttonwood (Platanus occidentalue L.) rapidly loses the greater

part of its strength, by a natural process which the woodsmen call "doat-

ing," the only indication of which is a bleaching of the tissues. Hence
any statements as to the strength of limber, made from an examination of

the structure alone are open to question.

* 'this it will be urged oan be done by the practical eye without the aid of the
mlorosoope, but It must be remembered that the entire Investigation or the
subject is, at its present stage, of theoretical rather than practical Interest.
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Weare, however, able to leave this uncertain element out of consider-
ation when wo turn our attention to the following experiments upon the
transverse strength of the coniferous woods, the results of which point to

an aim. ..si identical value for the strength element of the cellulose in the
several pieces tested. Each piece was exactly one and-a half inches
square by two feet nine inches long, and rested upon rounded edges at a
distance of two feet six inches apart. The pressure was gradually applied
at a point half way between the supports, and the deflection was taken at
each hundred pounds.

Plate II shows, side by side, transverse sections of three pieces thus
tested. The detail of the experiments are exhibited in the following table :
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These results, taken in connection with an examination of the flections,

indicate a great probability that in the coniferous woods the strength de-
pends chiefly upon the ratio of the number of thickened autumn-fibres to
the total number of fibres formed during the year, becoming greater the
greater the number of thickened fibres. Tims it is seen that in II, by far
the strongest of the three pieces tested, the thick-walled fibres occupy
almost half the year's growth, while in B they form a mere strip at the
end of the growth. In connection with this statement it may be well to
remark that the absolute breadth of the annual growth in the coniferous
woods does not seem to be as important an clement in the problem of
Strength as in the so-called " hard-woods " (Angiosperms). The reason of
this is the absence of the ducts which in the "hard woods" are formed,
as a rule, in the early part of the annual growth. After this the solid
wood is formed. Hence, the value in them, other things being equal, of
a large annual growth.

The ease with which the results of the tests upon the coniferous woods
are explained gives place to the greatest difficulty in the case of the hard
woods, important factors in this case, and ones which wo have not been
called upon to consider in the coniferous woods, are, 1st, the weakness due
to a greater or less abundance of ducts, and second, the strength added by
more or less highly developed medullary rays.* The following table con-
tains the results of eight experiments as to transverse strength made in
exactly the same manner as described In the previous case. The pieces of
timber were In all cases carefully selected and accurately dressed. Tiny

* The medullary rays being much less conspicuous in the Oonlferw,
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were free from shakes and all other imperfections that might tend to viti-

ate the results :
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Each of the numbers given in the columns headed, Length of Woody
Fibre, Exterior Diameter of Woody Fibre and Interior Diameter of
Woody Fibre is the average of twenty mlcrometric measurements. The
numbers in the column beaded Duet Area represent the area occupied by
duels In one square Inch of transverse section. Each of the results there
given Is the average of planimeter measurement of three camera luclda
drawings taken at various parts of a section.

The results of the first four of the above experiments may be summed
up thus

: A and I) stiff hickory and white oak had small annual growth,
moderately large duct, area, and moderately thick fibre walls ; whereas /)

and C, elastic hickory and white oak, had moderately large annual growth
small duct area and thick fibre walls. Whether the general difference
between elastic and stiff timber is chiefly due to a difference In the char-
acter of the cellulose, or whether it is chiefly due to a difference of cell
structure is a question that wotdd require a, much more extended series of
experiments than the above to settle finally. The results given, though
too few In number to he of great value, point, to the latter view of the
case

;
while the fact that the same piece of wood will, at various ages, ex-

hibit various degrees of elasticity, inclines us to the former. The experi-
ments G, /, ./and ST show the difficulty of comparing woods of different
species. For Instance, the pieces Q and /had almost, the same annual
growth, duct area and fibre thickness, Vet, they broke with strains of
respectively 1750 lbs. and 900 lbs. An observation that brings out more
clearly than before the fact that differences of Strength in woods of different
species are largely due to differences in the cellulose.

The measurements of length of woody fibre given In litis and in the
table of the results of experiments upon the coniferous woods, furnish ex-
cellent, proof oi the correctness of the statement made by \>i: Rothrock,
that the relation between the absolute length of fibre and the strength of
timber is a very Slight one.

The importance of the medullary ray as a strength giving element,
though suggested, has not, heretofore, been insisted upon with sufficient
positiveness. The following experiments, undertaken with reference to
this point, show thai, in woods such as Oak and Hull on wood, in which I lie

rays are highly developed, a large part, of the strength is due to their
presence. From cubes of wood, the edges of which measured six inches,
plates six inches square and one inch thick were cut in a direction trans-
verse- to the woody fibres. Prom these, pieces of a shape suitable for
testing in a cement testing machine were cut, in such a, manner thai, half
Of the. pieces had : he medullary rays running in the direction in which
the tension was applied, and half of them in a, direction perpendicular to
this. In each the area subject to strain was one square inch. The result
gives, of course, the lateral adhesion of the fibres, with and without the
strength added by the medullary rays.
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The five pieces tested with

the rays running in the direc-

tion of the tension broke at. .

Average

The five pieces tested with

the rays running perpendicu-

lar to the direction of tension

broke at

Average

Live Oak,
(Quercus virens, Ait.)

Lbs.

1265
000

1250

930
1225

1120

500
710
480
590
(ISO

51)2

Red Oak,
(probably either Q.
rubra or Q. palustris. )

Lbs.

440
490
480
425
470

401

245
195
155
190
160

189

The surprising fact will be observed that in the Live Oak the force re-

quired, to overcome the lateral adhesion of the fibres when reinforced by

medullary rays is almost, and in the Red Oak more than twice that re-

quired When not so reinforced. Similar experiments upon Buttonwood

(Hatams oeeidentalis, L.) would probably show an equal, if not greater,

difference. While Hemlock, Tine, Tulip-Poplar or other woods with

weak rays, it is but reasonable to expect, would show but slight differences

in the two directions.

In view of the above results it is easy to see that resistance to splitting,

although usually ascribed to "crookedness of grain," is also in a large

measure due to the binding action of the rays. Where, however, we

have both of these qualities present, we find a wood admirably adapted

for certain purposes, as for example the manufacture of bubs. Hence it

is that Hock Elm'(Z7fr»iM racemosa) and Black Gum or Tupelo (Nyssa

mulUflom, Wang.), in both of which abundant rays are found coupled with

great contortion of fibres, are much in demand by hub makers.

In Lignum Vila; {(! lutiticum officinale) the crossing of the fibres of dif-

ferent, layers is very apparent, and in a specimen of Black Gum, fibres

were found which deviated from the vertical as much as ten times their

breadth in their own length.

Plates HI and IV are given as illustrations of the statement concerning

the resistance to splitting or wedging made above. The upper half of

Plate III shows a transverse section of Buttonwood, enlarged 125 times.

The drawing is made from the wood of the butt of a tree which portion

presented such great, resistance to wedging that it was finally reduced to

manageable size by the use of gunpowder. In it, are, seen the abundance

PEO0, mm-. 1'IIICOS. SOC, XXI, HI- 2<J, CK1NTK11 KKC.HI'AUV 1, 1884.
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of ducts and great size of medullary ray characteristic of this wood.

Below It is placed a transverse section of Tulip-Poplar (same amplifica-

tion), a wood which splits as easily as Pine. In it the abundance of ducts

and weakness of medullary rays are shown. Plate IV gives the same

woods, with the same amplification in tangential section, thus cutting the

rays transversely and showing the contortion of the fibres in Buttonwood

and their straightncss in Tulip-Poplar.

To Dr. J. T. Itothrock, for his kind assistance and advice during the

preparation of the present article, the writer wishes to express his sincerest

thanks. Thanks are also due to Mr. Simmonds, of the University, for

his careful preparation of the specimens tested, and to Messrs. Iliehlo

Bros., upon whose machines the work of testing was performed.

Kxrr.A-NATION OF Il/LUSTRATIONS.

The drawings were all made by the aid of the camera lucida.

In Plate II the amplification is 75 diameters.

In Plato I, III and IV the amplification is 125 diameters.

Plato I, a, Ulmus racemosa. (Good.)

b, Ulmus racemosa. (Bad. )

Plate II, a, Pima (sp. ?)

b, Abies Canadensis.

e, Pinus Strobus.

Plate III, a, Plalanus oecidentalis, ) ,

, r . . , , ,„,••/. y Transverse sections.
b, LvnodenaTon Tuhpifera,

j

Tangential sections
Plate IV, a, Platanus oecidentalis, )

b, Liriodendron, Ttdipifera,
j

In all the illustrations the following lettering is used :

WW—Woody Fibre.

D—Duct.

MIt— Medullary Ray.
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Tulip Toplar.


